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Supplementary Figures
. pH response of probe 1 in 2.5 mM universal buffer containing NaH2PO4, boric acid and citric acid. The absorbance at 550 nm was monitored. 
Derivation of Theoretical Sensor Response
(1) Optode response for Ca 2+ based on classical optode theory
The theoretical response for a classical ionophore-based optodes containing an ionophore, a cation-exchanger, and a neutral chromoionophore, the optical response was simulated from eqn. s1
(Mistlberger, G.; Crespo, G. A.; Bakker, E. Ann. Rev. Anal. Chem. 2014, 7, 483-512.) , where a I is the activity of the target ion with a charge z; n is the complex stoichiometry; K ex is the overall exchange constant; αis the fraction of deprotonated chromoionophore; aH + is the proton activity in the aqueous phase; R T , Ind T and L T are the total concentrations of ion-exchanger, chromoionophore and ionophore, respectively.
For the fitting curve shown in Figure 3 , the following parameters were used: z equals to +2, n equals 1, K ex equals 10 -9 , aH + equals 10 -7 , R T equals 0.01 mol/kg, L T equals 0.03 mol/kg, Ind T equals equals 0.03 mol/kg.
(2) Molecular optode response for probe 1 based on 1:1 Ca 2+ /H + exchange
The sensing process can be expressed in eqn. s2, where HInd (for simplicity, the negative charges on the carboxylates are not shown) represent probe 1 with its phenolate group protonated, IndCa Eqn. s8 was used to fit the experimental data using Ka = 10 -7.9 and K = 10 -3 .
HInd + Ca
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Scheme S1. Synthetic routes for the probes in this work.
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Synthesis
The molecules in this work were synthesized according to Scheme S1.
Briefly, for the synthesis of probe 1, methanol (300 µL, 15 mmol) and amberlyst-15 (400 mg, 1 mmol) were added to a solution of compound b (416 mg, 1 mmol) in toluene (30 mL). The mixture was heated at 100 ℃ for 5 hours, then amberlyst-15 was filtered off, washed with dichloromethane. The filtrate was concentrated under reduced pressure. The crude product was dissolved again with ethanol (10 mL), and 3-ethyl-2-methylbenzothiazolium (288 mg, 0.95 mmol)
were added. The mixture was heated at 95 ℃ for 2 hours, then cooled to -18 ℃ and filtered off.
The residue was dissolved with 1 M HCl solution (15 mL) and heated up to 95 0 C for 2 hours, then cooled to room temperature and filtered off. 85, 171.03, 150.75, 148.11, 141.33, 129.74, 128.26, 124.73, 123.91, 116.71, 112.38, 109.82, 44.53, 14.53 .
For the synthesis of c1, a mixture of FITC (59 mg, 0.15 mmol) and 4'-aminobenzo-18-crown-6
(60 mg, 0.18 mmol) in dichloromethane was stirred at room temperature for 12 h. After solvent evaporation, the crude product was purified with flash column chromatography on silica gel. For the synthesis of c2, 3-ethyl-2-methylbenzothiazolium (198 mg, 0.65 mmol) were added to a solution of compound d (150 mg, 0.7 mmol) in ethanol (5 mL). The mixture was heated to 95 ℃ for 2 hours, then cooled to -18 ℃ and filtered off. The filtrate in 1M HCl solution (5 mL) was heated again to 95 ℃ for 2 hours, and then cooled to -18 0 C before filtration. Synthesis of e: To a solution of compound d (1.57 g, 5 mmol) in toluene (30 mL), methanol (500 μL, 20 mmol) and amberlyst-15 (600 mg, 2.5 mmol) were added. The mixture was heated at 100 ℃ for 5 h, and then amberlyst-15 was filtered off, washed with dichloromethane, and the filtrate concentrated under reduced pressure. The crude product was purified by flash column chromatography on silica using ethyl acetate/ petroleum ether as an eluent. Yield, 29% (290 mg); white powder. 
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Figure S11
. 1 H-NMR spectrum of c1.
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Computational Details: a. The free energy correction in water was estimated and taken from the free energy correction in the gas phase. 
